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Abstract
Objective
To determine whether NeuroBytes is a helpful e-Learning tool in neurology through usage,
viewer type, estimated time and cost of development, and postcourse survey responses.

Background
A sustainable Continuing Professional Development (CPD) system is vital in neurology due to
the field’s expanding therapeutic options and vulnerable patient populations. In an effort to
offer concise, evidence-based updates to a wide range of neurology professionals, the American
Academy of Neurology (AAN) launched NeuroBytes in 2018. NeuroBytes are brief (<5
minutes) videos that provide high-yield updates to AAN members.

Methods
NeuroBytes was beta tested from August 2018 to December 2018 and launched for pilot
circulation from January 2019 to April 2019. Usage was assessed by quantifying course en-
rollment and completion rates; feasibility by cost and time required to design and release a
module; appeal by user satisfaction; and effect by self-reported change in practice.

Results
A total of 5,130 NeuroBytes enrollments (1,026 ± 551/mo) occurred from January 11, 2019, to
May 28, 2019, with a median of 588 enrollments per module (interquartile range, 194–922)
and 37% course completion. The majority of viewers were neurologists (54%), neurologists in
training (26%), and students (8%). NeuroBytes took 59 hours to develop at an estimated
$77.94/h. Of the 1,895 users who completed the survey, 82% were “extremely” or “very likely”
to recommendNeuroBytes to a colleague and 60% agreed that the depth of educational content
was “just right.”

Conclusions
NeuroBytes is a user-friendly, easily accessible CPD product that delivers concise updates to a
broad range of neurology practitioners and trainees. Future efforts will explore models where
NeuroBytes combines with other CPD programs to affect quality of training and clinical
practice.
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With the rapid expansion of diagnostic procedures, trans-
lational discoveries, and novel therapeutics in the field of
medicine comes an acute need for relevant, high-yield up-
dates in Continuing Professional Development (CPD).1,2

There is large variability in how CPD is delivered, ranging
from annual meetings to virtual webinars, each seeking to
close gaps between personal competencies and health care
standards.3 These learning gaps become evident through
needs assessments, quality management, and inconsistent
patient care.4,5 CPD systems should aim to deliver co-
hesive, timely information to health care providers with the
goal of improving patient safety and advancing evidence-
based practices.6,7 A sustainable, cohesive CPD system is
vital in neurology due to the field’s quickly evolving prac-
tices, expanding therapeutic landscape, and increasing
number of subspecialties. Despite this, there is limited re-
search that evaluates effective, sustainable CPD practices in
neurology.8

The American Academy of Neurology (AAN) launched a
series of NeuroLearn programs in 2012 to provide evidence-
based e-Learning modules featuring a variety of clinical,
professional, and practice-based topics. Each NeuroLearn
course requires approximately 2 hours to complete, provides 2
Continuing Medical Education (CME) credits, and consists
of 3 multimedia video modules (10–25 minutes each) with a
summative postcourse assessment. The courses can be com-
pleted over one or multiple sessions; however, the dedicated
time required for module completion limits the program’s
usability and audience.9 In addition, NeuroLearn modules
cannot be rapidly revised to reflect new changes in the field
due to the long and detailed process required for module
development.

In an effort to offer more concise, readily available educa-
tional videos to a broader population of learners, a new
series, NeuroBytes, was developed. NeuroBytes are brief (<5
minutes) videos that provide focused, clinically relevant
topic updates or reviews. Summative assessments are not
included and no CME credit is offered. NeuroBytes can be
easily accessed by AAN members on any device (e.g.,
smartphone, iPad, computer) and completed in one sitting.
Few studies have explored the usefulness of updated CPD
practices in neurology and even fewer studies have reviewed
the effectiveness of training compared to returns on invest-
ing in training programs. In this study, we aimed to (1) assess
the usability of NeuroBytes, (2) describe the target audience,
(3) estimate the time and cost required for module de-
velopment, and (4) evaluate its impact as an e-Learning
educational tool.

Methods
Ethics
This study was reviewed and approved by the institutional
review board at Weill Cornell Medical College.

Program Description

NeuroBytes Beta Test (August 2018–December 2018)
NeuroBytes was developed in response to (1) the successes
seen with online delivery of NeuroLearn, (2) member feed-
back requesting shorter modules, and (3) concerns about the
expense and burden of NeuroLearn course development.
NeuroBytes are concise (<5 minutes) multimedia updates
that review specific clinical, professional, or advocacy topics in
neurology. NeuroBytes are readily available to registered
AAN members but do not offer CME accreditation or post-
course assessments. A beta testing period was planned from
August 2018 to December 2018 to assess the feasibility of this
new method of CPD. Initial NeuroBytes included both
repurposed content from expiring NeuroLearn courses as well
as de novo NeuroBytes. To ensure high quality of the content
produced, a standardized script was used for developing each
module outlining (1) the module learning objective, (2)
narration including introduction, topic content, clinical ex-
planation, and call to action, (3) suggested graphics, and (4)
technical aspects to align with best practices in e-Learning.
For each NeuroByte, a project champion was selected from
the NeuroBytes Working Group. This individual worked with
a faculty expert to develop content and received training in
e-Learning delivery. The completed NeuroBytes underwent
iterative peer review by a faculty expert, editorial review by the
project champion, and technical review by an expert in online
learning.

NeuroBytes Pilot (January 2019–April 2019)
Following beta testing, a pilot NeuroBytes program, “Fun-
damental Concepts of Alzheimer’s Risk Reduction,” was
launched on January 11, 2019. Content followed a structured
curriculum, which aimed to (1) deliver content at relevant
times and (2) ensure that the NeuroBytes product included
the breadth of clinical neurology, subspecialty areas, practice
management, and advocacy required for evidence-based
practice. Each month the specific titles and topics for Neu-
roBytes modules were solicited, proposed, and selected by the
NeuroBytes Working Group. Topics were chosen based on
AAN’s curriculum calendar to ensure major specialty and
subspecialty areas in neurology were addressed over the
course of a year. The site released 8 subsequent videos based
on user recommendations through April 9, 2019 (table 1).
Video topics included hyperacute management of ischemic

Glossary
AAN = American Academy of Neurology; CPD = Continuing Professional Development; CME = Continuing Medical
Education.
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stroke, clinical approach to localization and diagnosis of
ptosis, and neurologic complications of immune checkpoint
inhibitors. NeuroBytes were distributed broadly through
email, social media, and the AAN Learning and Management
System.

Data Collection and Analysis
Usage data included NeuroBytes beta testing between August
2018 and December 2018 and NeuroBytes pilot programs
between January 2019 andApril 2019 (n = 9). NeuroBytes data
were collected from January 11, 2019, to May 28, 2019. Us-
ability was determined by the total number of enrollments and
proportion of users who completed the course. An enrollment
was defined as a single user launching an online course; users
have the ability to review NeuroBytes videos multiple times,
which was recorded as additional enrollments. Completion of a
NeuroBytes course required the user to watch a portion of the
module and submit a postmodule evaluation. Total video ob-
servation time was monitored for each user and observation
times that either (1) were recorded as 00:00 or (2) exceeded 15
minutes were considered outliers and not included in analysis.
Users “in progress” watched a portion of the module, clicked
around within the module, or watched the entire module
without completing the postcourse survey. The remainder of
the users who launched the video without watching were cat-
egorized as “not started.” Target audience was assessed by user
membership. Feasibility was assessed through the estimated
cost for module design and release.

Impact was evaluated through postvideo surveys and self-
reported impact on viewer practice.10 The NeuroBytes survey
consisted of 3 multiple choice questions and one optional free
response. The 3 multiple choice questions included the fol-
lowing: (1) “How likely would you be to recommend Neu-
roBytes to a colleague?” (extremely likely, very likely,
somewhat likely, slightly likely, not at all); (2) “Was the in-
formation in this video helpful for your practice?” (this will
help change how I manage many of my patients, this will help
change how Imanage a few of my patients, this was helpful but
won’t change my practice, this would be helpful if improved,
this information was not helpful); and (3) “The depth of the
educational content in this video was:” (far too basic for my
level of training, a little more basic than I had hoped for, just
right, somewhat more detailed than I had liked, far too de-
tailed for my level of training). The optional free response
asked users “What other topics would you like to see covered
as a NeuroBytes video?”

Data Availability
Anonymized data were shared with qualified investigators.

Results
Aim 1: Assess the Usability of NeuroBytes
A total of 5,130 individuals enrolled in the NeuroBytes online
learning program from January 11, 2019, to May 28, 2019
(1,026/month). The median enrollment was 588 per module

(interquartile range, 194–922). Of the 5,130 enrollments,
1,884 individuals completed the course and postcourse survey
(37%), 3,043 remained in progress (59%), and 203 launched,
but did not watch, the video (4%). The 59% of participants
who remained in progress clicked around within the module
without starting the video, watched a portion of the module,
or watched the entire module without completing the post-
course survey. These in progress users spent an average of 1
minute and 28 seconds on a video (range 1:14–1:39), which
equated to a mean of 40% of the total length of the video
(range 28%–62%). Completion rates were highest for ad-
vance practice providers (54%), followed by retired senior
neurologists (47%), neurologists (42%), residents (37%),
students (25%), and nonmembers (25%) (table 1).

Aim 2: Describe the Target Audience
of NeuroBytes
The majority of NeuroBytes viewers were neurologists
(54%), followed by junior neurologists in training (26%)
and students (8%). The remainder of viewers included ad-
vance practice providers (4%), retired senior neurologists
(3%), interns (2%), nonmembers (2%), researchers (<1%),
physician affiliates (<1%), business administrators (<1%),
and honorary members (<1%; table 1). No significant dif-
ference in target audience was observed when comparing the
type of viewer among each of the 9 NeuroBytes modules
(table 2).

Aim 3: Estimate the Time and Cost Required for
NeuroBytes Module Development
The average time and cost required to launch a NeuroBytes
product was 59 hours and $4,618: 8 hours and $713 for design
(phase I), 31 hours and $2,450 for development (phase II), 19
hours and $1,360 for production (phase III), and 1 hour and
$95 for course project closure (phase IV). Faculty time was
not compensated for and was not included as part of the total
cost. This totals to approximately $77.94/h and $0.90/user
for module development (table 1).

Aim4: Evaluate the Impact ofNeuroBytes as an
e-Learning Educational Tool
Of the 1,895 users who completed the NeuroBytes post-
video survey, 82% of respondents were “extremely likely” or
“very likely” to recommend NeuroBytes to a colleague. Sixty
percent of completed users agreed that the depth of edu-
cational content in the video was “just right,” with 29%
responding that the content was “a little too basic” and 8%
reporting that it was “far too basic” (table 1 and supple-
mental table at doi.org/10.5061/dryad.0cfxpnw1b). A total
of 29% of viewers responded that NeuroBytes would change
how they managed “many” of their patients, compared to
35% of viewers who responded that NeuroBytes would
change how they managed “a few” patients and 31% who
responded that NeuroBytes was helpful but “won’t change”
their practice (figure). No significant difference in satisfac-
tion scores was observed when comparing results among
NeuroBytes modules.
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Discussion
E-learning is considered an integral method of continuing
education for many health professionals. In this study, we
report 3 important findings: (1) while NeuroBytes’ target

Table 1 NeuroBytes Program Data Including Course
Enrollment, Usage, and User Satisfaction

Course Enrollments, n

Fundamental Concepts of Alzheimer’s Risk
Reduction (published January 11, 2019)

892

Amyloid Hypothesis of Alzheimer’s Disease: Clarity &
Controversy (published January 30, 2019)

784

Management of PFO in Cryptogenic Ischemic Stroke
(published February 13, 2019)

466

CPT Coding Update for In-Office Cognitive Testing
(published February 14, 2019)

208

Hyperacute Management of Ischemic Stroke
(published February 22, 2019)

588

Differentiating Central vs Peripheral Causes of
Acute Vestibular Syndrome (published March 11,
2019)

783

Clinical Approach to the Localization & Diagnosis of
Ptosis (published March 25, 2019)

922

Increasing Patient Engagement Series (published
March 27, 2019)

194

Neurologic Complications of Immune Checkpoint
Inhibitors (published April 9, 2019)

293

Average module enrollment (SD) 570 (275)

Viewer statistics (n) %

Neurologist (1,570) 53.9

Junior member (745) 25.6

Student member (224) 7.7

Advanced practice provider (114) 3.9

Senior member (83) 2.9

Intern (72) 2.5

Nonmember (52) 1.8

Researcher (22) 0.8

Physician affiliate (20) 0.7

Business administrator (8) 0.3

Honorary member (2) 0.1

Total (2,912) 100

Viewer completion rates %

Neurologist 42.4

Student member 25.2

Advanced practice provider 54.1

Senior member 46.5

Junior member, intern 37.0

Nonmember 25.2

Other (researcher, physician affiliate, business
administrator, honorary member)

41.8

Table 1 NeuroBytes Program Data Including Course
Enrollment, Usage, and User Satisfaction (continued)

Estimated time for creation Hours

Phase I: Design 7.75

Phase II: Development 31.25

Phase III: Production 19.00

Phase IV: Course project closure 1.25

Total 59.25

Estimated cost for creation USD

Phase I: Design 713

Phase II: Development 2,450

Phase III: Production 1,360

Phase IV: Course project closure 95

Total 4,618

Satisfaction and impact on practice %

Q1: “How likely are you to recommend to a colleague?”

Extremely likely 44.8

Very likely 37.3

Somewhat likely 15.2

Slightly likely 1.9

Not at all likely 0.8

Q2: “Was the information helpful?”

Will change management of many patients 29.1

Will change management of few patients 35.3

Helpful but will not change practice 31.3

Helpful if improved 3.0

Not helpful 1.4

Q3: “Depth of content was:”

Far too basic 8.2

A little too basic 29.2

Just right 60.1

A little too detailed 2.2

Far too detailed 0.3

NeuroBytes published January 11–April 9, 2019. Data collected January 11,
2019–May 28, 2019. Viewer statistics are based on American Academy of
Neurology member type.
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audience consisted mostly of neurologists, the program also
appealed to junior neurologists in training and students; (2)
despite consistently high enrollment rates, course completion
was less than half of the total users; and (3) although users
were satisfied with the depth of content and likely to rec-
ommend NeuroBytes to a colleague, they reported variable
impact on daily clinical practice.

While national and regional conferences, local workshops,
and Grand Rounds continue to provide CPD opportunities,
online learning is changing how professionals train, learn, and
practice. NeuroLearn was initially developed by the AAN
e-Learning Subcommittee to respond to the needs of neu-
rologists by providing asynchronous, CME-certified online
learning to optimize clinical practice. From 2012 to 2018, 17
courses were developed and achieved initial program goals,
although user engagement remained low and the product
appealed primarily to practicing neurologists. NeuroBytes was
developed in 2019 to further respond to changing needs of
neurologists by offering short modules that can be delivered in
real-time and appeal to a more diverse audience, including
advance practice providers and an expanded cohort of health
care professionals.

Our study found that in the first 4 months, NeuroBytes en-
rolled 5,130 users; this can be compared to its counterpart,
NeuroLearn, which enrolled 8,911 users in over 4 years. This
may be due in part to the increased accessibility of Neuro-
Bytes through the AAN’s new Learning Management System

as well as the shorter duration, focused topics, and frequent
release of the modules every 2 weeks. In addition, as one user
can have multiple enrollments; this may have contributed to
the higher number of enrollments seen with NeuroBytes. We
found that module enrollment ranged from 194 views with
“Increasing Patient Engagement Series” to 922 views with
“Clinical Approach to the Localization &Diagnosis of Ptosis.”
We saw increased views with more clinically relevant modules,
including topics such as Alzheimer disease, ischemic stroke,
and acute vestibular syndrome. This highlights the continued
need for clinically based, high-yield reviews that can provide
information to users with varying levels of training.

Course completion rates for NeuroBytes (37%) were lower
than those historically reported for NeuroLearn modules
(71%). The lower completion rates seen with NeuroBytes
may be due to the fact that CME credit was not offered or
linked to completion. Previous studies show that CME des-
ignation and course relevance directly correlate with increased
user engagement, implying that the drop in NeuroBytes
course completion may be partly explained by an absence of
CME credits.12-14 These findings underscore the benefits of
aligning e-Learning directly with clinical practice (e.g., in-
trinsic motivation) or offering incentives such as monetary
rewards, accreditation, or networking (e.g., extrinsic motiva-
tion) to encourage course completion.15

Moreover, NeuroBytes course completion required the user
to spend additional time filling out the postcourse survey.

Table 2 Enrollment Breakdown by Title for NeuroBytes

Neurologist
Junior
member

Student
member

Advanced
practice
provider

Senior
member Researcher Nonmember Intern

Physician
affiliate

Business
administrator Honorary

Fundamental concepts of
Alzheimer risk reduction

52.79a 24.14 8.47 6.67 2.70 1.26 1.26 1.08 0.90 0.36 0.36

Amyloid hypothesis of
Alzheimer disease: clarity and
controversy

52.22a 25.58 12.05 1.69 4.44 1.69 0.21 1.90 0.00 0.21 0.00

Management of PFO in
cryptogenic ischemic stroke

60.19a 27.18 2.91 2.91 1.94 0.00 1.46 2.43 0.97 0.00 0.00

CPD coding update for in-office
cognitive testing

78.89a 6.67 0.00 7.78 1.11 0.00 2.22 0.00 0.00 3.33 0.00

Hyperacute management of
ischemic stroke

51.75a 23.81 8.57 4.13 2.22 0.95 3.17 4.44 0.95 0.00 0.00

Differentiating central vs
peripheral causes of acute
vestibular syndrome

55.84a 26.09 5.72 4.58 1.83 0.23 1.60 3.43 0.69 0.00 0.00

Clinical approach to the
localization and diagnosis of
ptosis

52.02a 30.05 6.68 3.16 2.81 0.00 1.76 3.16 0.35 0.00 0.00

Increasing patient engagement
series

43.10a 26.72 14.66 1.72 4.31 2.59 2.59 2.59 0.00 1.72 0.00

Neurologic complications of
immune checkpoint inhibitors

54.30a 24.50 4.64 1.99 3.97 0.00 5.96 1.32 3.31 0.00 0.00

Abbreviations: CPD = Continuing Professional Development; PFO = patent foramen ovale.
Values are percentages.
a Majority of viewers for each module.
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Since one of the main appeals of NeuroBytes is its succinct
nature, it is unsurprising that many users did not devote ad-
ditional time to reach “completion” status. Current research
supports the idea that brief (2–5 minutes), interactive videos
have higher rates of engagement due to the preferred rapid
pace and increasing time constraints of the modern learner.16-
19 For the small portion of users who launched but did not
watch themodule, we suspect this is due to time restrictions in
addition to minimal investment in the video. This theory is
supported by the higher completion rates seen with user
populations that are directly involved in patient care, in-
cluding advance practice providers and neurologists. Future
research should continue to explore why learner populations,
including residents and students, had lower completion rates
in comparison to their senior counterparts.

NeuroBytes appealed to a wider audience with a higher pro-
portion of student, intern, and junior trainee viewers. Com-
pared to NeuroLearn, the NeuroBytes audience was less likely
to include neurologists (54% vs 73%) and more likely to
include house staff (26% vs 17%) and students (8% vs <1%).
Trainees often supplement existing teaching with materials
that reinforce their learning, such as the consolidated in-
structional design of NeuroBytes modules.20,21 Conversely,
NeuroLearn covers an entire topic area in-depth and is
intended to be completed over time to address specific
practice gaps. This style of learning may be more appealing to
practicing clinicians who also desire CME credit. While the
difference in NeuroBytes and NeuroLearn audiences may be
explained by a shift toward blended learning styles among
younger learners,22-24 it may also reflect differing needs for
students and residents compared to practicing neurologists.
This variability is seen through the 29% of users who found
the depth of NeuroBytes content to be “a little too basic,”
suggesting that providers with more training may be looking

for more advanced material. Ultimately, our findings suggest
that NeuroBytes appeals to a wider audience than its coun-
terpart, NeuroLearn, and may complement current CPD of-
ferings to provide a comprehensive menu of continuing
education options for neurologists.

More concise, focused e-Learning programs such as Neuro-
Bytes have been shown to be effective in supplementing
outside clinical training and experiences.25 NeuroLearn, on
the other hand, offers lengthier, CME-certified modules that
appear to have a more tangible effect on clinical practice,
which is supported by previous studies that emphasize the
role of CME programs in improving patient care.26-27 Despite
NeuroLearn’s stronger translation to clinical practice, both
online programs offer a range of educational benefits to their
users and are viable options for CPD in neurology. Strengths
of this study included a high number of enrollments in the
NeuroBytes program, which provided a generalizable sample
of continuing education needs in neurology. The high number
of users allowed for a detailed enrollment breakdown and
offered the opportunity to apply findings to e-Learning pop-
ulations moving forward. However, when considering limi-
tations of the study, resources required for program
development varied betweenmodules, and the estimated time
and cost are averages. In addition, faculty time was not
compensated for and was therefore not included in the total
summation of costs, meaning the calculated cost for module
development may be an underestimate. Future research
should continue to explore and define resource requirements
for e-Learning program development. Finally, this study was
limited in its ability to fully interpret NeuroBytes completion
rates, as the majority of users remained in progress, meaning
they watched a portion of the video or watched the entire
video without submitting the postcourse survey. Usage sta-
tistics revealed that these in progress users completed an

Figure Average Self-Reported Rating of the Effect of NeuroBytes on Changing Patient Management

User responses to the question:
“Was the information in this video
helpful for your practice?” Total
1,894 responses.
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average of 40% of the video before navigating away. Future
efforts should aim to better define user groups and further
explore how many users watch the entire module without
completing the evaluation. In addition, it would be beneficial
to capture repeated views independently and calculate how
many users return and rewatch modules.

This study shows that using high-yield video modules, such as
NeuroBytes, is a helpful tool in promoting CPD within the
ever-evolving field of neurology. In moving forward, our
findings and lessons learned can be applied to future de-
velopment of e-Learning programs, such as the medical stu-
dent NeuroBytes series that is being developed. This work
suggests that while bite-sized modules can have high levels of
usability with positive user survey responses, this does not
necessarily translate into high completion rates. In addition,
while users may be likely to recommend e-Learning tools to
their peers and colleagues, it may take lengthier, more detailed
educational tools to result in significant changes in clinical
practice. Our findings suggest that NeuroBytes is a platform
that could be easily expanded and replicated in programs that
show a need for more reliable CPD programs or desire an
enhanced global understanding of up-to-date practices.
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